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andfromtheriver.The UasoNgirois withinthegeneralareaof distributionof S. spilurus(GUnther)
andalthoughtherelatedfish fromtheriverweregivena specificname(Tilapia nyirica Lonnberg),
thishassincebeensynonymisedwithS. spilurus.The typesof Tilapia percivali (Boulenger1912)also
camefromoneof thespringsandthetaxonomicstatusof thispopulationisstilluncertain.Structureand
ecologyof fishfromsixspringsaredescribed.A purelymicrophagousdietinonepopulationwascorrelat-
ed with a significantlylongerintestine.Anotherpopulationefficientlyconsumedsnails,an unusual
dietforSarotherodon.Thefishin allthespringsdonotexceed120mmtotallengthandthephenomenon
ofprecociousbreedingwasobserved.A sectionisdevotedto themicrobranchiospines,theirontogenetic
developmentandoccurrence.The originof thepopulationis discussedin relationto thegeological
historyof thearea.
INTRODUCTION
Cichlidfishesof theUasoNgiro,a riverin northernKenya,belongto thegenusSarotherodon,for-
merlyincludedas a subgenusof Tilapia, but recentlyraisedto genericrank, (Trewavaset al 1972;
Trewavas1973).Thisrivercontainsa singlespeciesnamedTilapia nyirica byLonnberg(1911),synony-
misedwithTilapia nilotica by Boulenger(1915)andlaterreferredto asTilapia mossambicaby White-
head(1962),butasTilapia spilurusbyTrewavas(1966).Thelasttwoauthorsconsiderit identicalwith
thespeciesof Sarotherodonthatcharacterisestheeastwardflowingriversof Kenya(Athi, Tanaand
shorterivers).
SpringsflowintotheUasoNgiroin severalplacesalonga 65kmsectionof rivernearArcher'sPost,
(fig.!.). Springsat Chanler'sFalls containfishdescribedasSarotherodonpercivali (Boulenger1912),
whilstupstreamat BuffaloSpringsthefishweredescribedasdwarfS. mossambica(Whitehead1962).
Sarotherodonfrom six springsalongthe Uaso Ngiro werestudiedin theirnaturalhabitatsand in
aquaria,andaspreservedspecimens.
THE STUDY AREA
The springsthatflowinto theUasoNgiro arefedby groundwaterarisingin theNyambeniHills
to thesouth.The waterin all springsis clearandstronglycontrastswiththeriver,(thenameUaso
Ngiromeans'muddyriver'in thelocalSamburulanguage).
To thesouthof theriverlargeareasarecoveredby calcareouslakedeposits,(Williams1966and
Jennings1967).Thesewerelaiddownin naturaldamsformedbya combinationof theexistingbase-
mentsystemshillsandlavaflowsfromtheNyambeniHills. Intercalationsof lavaandsedimentsuggest
a successionof suchdams.In thefossiliferousedimentshreespeciesof Gastropodarefound: Melania
tuberculata,Lemicolaria rectistringataanda Planorbis sp.By far themostcommonis M. tuberculata
whichwasfoundlivingin thepresentdaysprings.
It is notcertainwhenthespringswerefirstformed,butit is likelythattheyhavebeenin existence
sincethelakeswerefirstformed.Fish livingin theselakeswerefacedwitha slowlydecreasingvolume
of wateruntiltheywereconfinedto thepresentsprings.
Onlyin twospringswereotherspeciesoffishobserved.LabeocylindricuswasseeninspringsD andF,
bothof whichcontaineda largervolumeof waterthantheothersprings.Isolationof eachspringwas
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providedby a seriesof waterfallsto theriveritself,usuallya dropof morethantwometres.Flood
watersmaycoverpartsof somespringsduringperiodsofexceptionallyhighrainfall,andthusallowfora
limitedgeneticinterchangewiththeriver.Floodwaterscanalsobeusedtoexplainthepresenceofthree
Barbuswhichwereobservedin SpringA in 1972,butwhichwerenotpresentatthetimeof thestudy.
However,debrisdepositedbythemorerecentfloodsindicatedthatthiswouldonlyoccurafterexcept-
ionallyheavyrainin theheadwatersof theriverandprobablyneveroccursin severalsprings.
At BuffaloSpringsnoadultfishwerefound,onlytwogroupsof about40smallfry.This absenceof
largerfishcanbeattributedto thepresenceof fishpredators.Theseincludedterrapinsandthreespecies
of birds:Pha/acrocoraxafricanus,Ibis ibis andEphippiorhynchusenega/ensis.Althoughnodoubtafew
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largerfishwerepresentbutnot seen,thetotalnumberof breedingfishwassmall.The almosttotal
removalof fishin thismannermusthaveoccurredmanytimesin thepast.
All thespringswereformedin fossiliferouslimestonerock.SpringsA andB,althoughclosetogether,
wereconsideredseparatelysincemovementfromoneto theotherwasconsideredimpossible.About
40mfromtheriver,SpringA containedthreepoolsbetween15and115cmdeepandfrom8to 96m2
in area.Thesewerejoinedby smallstreamsup to 15cmdeep.Largerareasof whatwasonceopen
waterhadbeenovergrownby sedgesoconstrictingthefishto thepresentpools.SpringB consisted
of a singlestreamnotmorethan3-5cmdeepand40cmwideheavilyovergrownin partsby sedges.
SpringC wasapproximately400m fromthefirsttwo,60m fromtheriverandconsistedof a single
poolupto 30cmdeepand3m2 in area,witha smallstreamflowingto theriver.SpringD wasappro-
ximately2kmfromtheriverandconsistedofastreamwithpoolsupto4mwideflowingintoa swampy
areabeforereachingtheriver.SpringE waslocatedimmediatelyaboveChanler'sFalls andconsisted
of twopools,oneof 120m2 havingbeendammedup in 1943,theotherof 4 m2 separatedbya small
patchofdampgroundandhavingaseparatexittotheriver,50mdistant.SpringF wassituatedabout
10km northof BuffaloSpringsandconsistedof a springfedstreamflowingfor about1 km before
reachingtheriver.
Thewatertemperatureinall springswasfoundto beconstantat30-31DC,whilsttheair temperature
variedbetween20and43°C.
Attemptsto catchfishin therivermetwithno success.
MERISTIC CHARACTERS
AnalSpinesandSoftRays.





The modalnumberfor eachspringwasthree.The presenceof a fourthspinewasin somecases
associatedwitha numberof softraysreducedbelowthemode.Themodalnumberof softraysis nine,
exceptin SpringE (S. percivali)whereit was10,(seeTable1).
No. of analrays


























The BuffaloSpringspopulationof Sarotherodonexaminedby Whitehead(1962)had,in a countof
90fish,36% of four-spinedindividuals.The four-spinedconditionfoundin SpringC mayindicate
thedegreeof isolationbetweenthedifferentsprings,especiallyasin thiscaseonly400m separatethis
populationfromthethree-spinedpopulationof SpringA. Oneof the9 syntypesof S.percivali(Spring




SpringE, appearstobeclearlydifferentiatedbythepresenceof fourteenspinesin 42% of thespecimens,
thisconditionnotoccurringin fishfromanyotherspring.Thefourteen-spinedconditionisderivedfrom
thefifteenbylossof thefirstspine.Thepterygiophoreof thisfirstdorsalspineis reducedandformsa
smallprojectionvisiblein frontof theseconddorsalspine,eitherto theleftor rightof themidline
accordingto thepositionof theseconddorsalspine.Thispositionbearsnorelationto thenumberof
finelements.










































Thetotalnumberof poredscalesin bothlateralineswerecounted.Thetransverserowof scaleswas
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CaudalPeduncle.
Theratioof thelengthanddepthof thecaudalpedunclewascalculatedforeachspecimenexamined.
ResultsindicatedthatS.percivali (SpringE) hasa deepercaudalpedunclethantheotherpopulations
examined.Althoughthereis an overlap,themaximumratiorecordedfromS. percivali is belowthe
meansrecordedfromall otherpopulations.
Premaxillae.
Distinctdifferencesin theshapesof thepremaxiIIaewereseen.A prominentdifferencewasthepre-
senceofathickenedportionofthepremaxillattheapexofthejawin somepopu1ations.Thiswasmore
















Fig 2 Meansandrangeof theratiolengthoverdepthof theCaudalPeduncle
fullydevelopedin fishfromSpringA, andseenalsoin SpringsBand C. It is noticeablyabsentin fish











A-F fromSpringsA to F (T.L. 65-75mm)
G largespecimenfromSpringA (T.L. 101mm)
H fromsyntypeof S.perciva/i(S.L.54mm)fromChanler'sFalls, collected1912(SpringE)
-after a diagramsuppliedbyE. Trewavas,BritishMuseum(Nat.Hist.)
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No differenceswereseenin theprofilesof thelowerjaw. Largermalefish,of morethan loo mm
examinedin SpringA, showenlargedjawprofiles(fig.4).This is alsofoundto a lesserextentin large
females,butits functionis obscure.In malesthisno doubtaidsin theexcavationof breedingpits,
thoughwhetherthisis itsmainfunctionis debatable.In fishobservedbothin thewildandin aquaria,
thiswasaccomplishedsolelybyusingthemouth.This methodis alsoemployedbyS.alcalicagrahami
Fig 4 Headprofilesshowing:
A Enlargementof jawsin a largemalefromSpringA (T.L. 124mm)
B MalefromSpringD (T.L. 52mm) .








thosefishfromSpringD wasstatisticallysignificant,(P :0.001).In onlya singlefishoutof 50examined












I.~II .f Sit Lilith
Fig 5 Indexof gutlength (gut length)totallength
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Dentition.
S.perciva/ifromSpringE wasfoundto havea highproportionof tricuspidteethin theouterseries
of theupperjaw. Thiswasparticularlyevidentattheposteriormargins.In theremainingpopulations






Fish fromSpringsA, B, andC werefoundto haveverysimilardiets,theonlydifferencebeingthe
presenceofM. tubercu/atain thedietof SpringA fish.Thesewere(oundto theexclusionofotherfood
itemsin severalspecimens.Ostracodsfoundin theintestinesall hadbrokenshells,whilstthemajority
of theM. tubercu/atashellswerecompleteor nearlyso, containingsnails.Observationsin thefield
indicateda regulardietof M. tubercu/atain SpringA. Someof thesewereremovedfromtheirshells
beforebeingswallowed.This wasaccomplishedby obtaininga purchaseon partof thesnailandby
movementsof thejawsslowlyextricatingit fromtheshell.Severalindividualswereobservedto eat
a successionof snailsin thisfashion.Fish fromthesamespringonbeingtransferredto anaquarium,
alsoconsumedin like fashionsnailsof a differentspeciesfoundlocallyin Nairobi. Othermethods
ofeatingobservedin thisspringwerescrapingoff theaufwuchsfromtherocksandfeedingoffdetritus
fromthebottom,diggingintoit andexpellingparticlesthroughthegills.
The fishin SpringD wereshownto beprimarilydetritusfeeders.This correlateswith thelonger
alimentarycanalfoundin thesefish.Theprotozoansfoundin specimensfromSpringF measured8by
12(J.mandsincenofinesedimentwasfoundit isapparenthattheywerenotderivedfromthedetritus.
Wherealgawasfoundin theintestinesit wasfrequentlycontainedwithinballsofmucus.Whitehead
























Thesecond,thirdandfourthgill archeshave,on theirouterfacesandsomeinnerfaces,a seriesof
structurestermedmicrobranchiospinesor microrakers(seefig. 6). As no evidenceof any 'raking'
functionwasfound,thetermmicrobranchiospinesis to bepreferred.Thesestructuresareknownto
occurinmostTi/apia andSarotherodonspecies,andwhilsttheyareknownto occurin manyHap/o-
chromisspecies,thefull extentof theirdistributionwithintheCichlidaeis unknown.Similarstructures
areseenin Citharinusgibbosus(Gosse1956).




















Fig 6 A Anteriorfaceof secondgill arch,showingpositionsof microbranchiospines
D-C Enlargementsof a transversesection
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A-C Anteriorfacesof second,third andfourthgill archesfroma fishof total length71 mmfrom
SpringA
D Posteriorfaceof fourthgill archfromthesamefish
E-G Anteriorfacesof second,third andfourthgill archesfroma fishof total length69 mm,from
SpringE (S.percivali)
Thedistributionandsizeof microbranchiospineswasfoundto differin fishfromthesixpopulations
studied.Withineachpopulationthenumberof denticlespermicrobranchiospinewasseento increase
withthelengthof thefish(fig.7).Microbranchiospineswereabsentfrom 13outof 20fishexamined
from populationE (S. perciva/i). In thosefish wheretheywerepresent,theyweresmall,with few
denticles,andoftendidnotoccurin morethanthecentralregionof thegill arch,(seefig.8).
In populationA themicrobranchiospinesweremostfullydeveloped,andin manycasescoveredboth
facesof thefourthgill arch.Thepresenceof microbranchiospinesontheinner faceof thefourthgill
archin populationA, waslimitedto specimensover60mmtotallengthandin populationD to speci-
mensover70mmtotallength.Onlyin onespecimenweremicrobranchiospinesfoundonbothfacesof
thesecondandthirdgill arches.This fishfromspringD, was95mmlongandhadno traceof micro-
branchiospineson theinnerfaceof thefourthgill arch(seetable6).
Thefirstpartof themicrobranchiospineto developis a bonyplate.Denticlesareformedon these
plates,whichenlargeasmoredenticlesareadded.Thewidthof thebaseof maturemicrobranchiopines
wasfoundto remainfairlyconstantataround40tJ.m.Theirnumberincreaseswiththegrowthof the
fish.A fish96mmlongwasfoundto have122gill filamentsand140microbranchiospinesontheouter
faceof thesecondgill arch.A fishfromthesamepopulation,70mmlong,had112filamentsand114
microbranchiospinesin thesameposition.Observationshowedthattheincreasecannotbeaccounted
for bythegrowthof newmicrobranchiospinesbetweenexistingones.Insteadwhathappensis thatsome


















bonyplateeventuallyformsa U-shape.This shapeis alsoseenin C.gibbosus(Gosse1956).Denticles
formontheinnersideof theU andthetip breaksto formtwo newmicrobranchiospines.Theseare
initiallyinclinedtowardsoneanotherandhavea greaternumberof denticleson theoutersidesthan
on theinsideof theU, (seefig. 9).
10' r, b.. '.. " ..-
Fig9 Progressivestagesinthereplicationofmicrobranchiospines.
Thefunctionof themicrobranchiospinesis uncertain.Whitehead(1959)suggeststhattheymayact
in conjunctionwithmucusto trapsmallparticlesof foodin therespiratorycurrent.Sectionstakenfrom
thegill archesandbuccalcavityfailedto demonstrateanincreasedamountof mucussecretiongoblet
cellsin thevicinityof themicrobranchiospines.SimilarsectionsofgillarchesfromS.a/ca/icawhichwas
foundto possessno microbranchiospines,showeda similardistributionof gobletcells.It therefore
seemsunlikelythatthisis theirtruefunction,at leastin thefishexamined.If ballsof mucuswereto be
trapped,therealreadyexistsa perfectlyefficientgill rakersieve,andtheevolutionof a totallyseparate
setof structureseemsunlikely.Furthermore,microbranchiospineswerefoundto be totallyabsent
fromthefirstgill arch,andonlypresenton bothsidesof theremaining ill archeson a veryfewfish.
The gill rakersieveof S.escu/entawasconsideredsufficiento preventhelossof ballsof mucusand
foodparticles(Greenwood1953)andsucha mechanism ayexplainthepresenceof diatomsandother
fineparticlesin theintestinesof all fishexamined.
COLOURATION
Visionisprobablythedominantsensorymodalityin Cichlidfishes,andtheircolourationcanbeused
as a systematicguide.In theSarotherodonstudiedthe femaleappearsto selecthemalewhich,in
commonwithotherCichlids,donsa strikingbreedinglivery.
BreedingColouration.
SpringsA, BandC:- Flanks:darkgreenishbrownwithredwashnearhead,marginsof scalesyellow,
moreso alongmid-line.Head:darkbrownwithpurplewashnearsnout.Opercula:brownwith red
wash,theopercularspotinconspicuous.Marginsof eyes:silvery.Lowerlip: white.Upperlip: greyor
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SpringD fishdifferin havingmoreyellowin theflanksgivinga generallylightercolour:- Belly:
greenish-bluebecomingblue-blackduringcourtship.Dorsal:withreddishspotsonyellowbrownrays.
Caudal:witha moregeneralreddishcolourationthanabove.





SpringE, S.percivali,wasthemostisolatedof thesprings tudied.Geologicalevidencesuggestshat
thishasalwaysbeenthecase(Williams1966,Jennings1967).Thefishfromthisspringweredifferentiated
fromothersstudiedbythepresenceof 14dorsalspinesin 42% of thepopulation.Furtherdifferences
weretheshapeof thepremaxillae,thegreatertendencytowardsthemorespecialisedtricuspidteethand
thesmallerlength-depthratioof thecaudalpeduncle.The microbranchiospinesin S.percivali were
eitherabsentor greatlyreducedin comparisonto theotherpopulationsexamined.S. percivali also
showsa noticeablydifferentmalebreedingliveryalthoughit clearlybelongsto theS.spilurustype.
Withoutdetailedobservationson theSarotherodonfromtheUasoNgiro no firm conclusioncanbe
drawnasto theaffinitiesof thefishfromtheothersprings.Eachof thesepopulationsexhibitminor
differences,themostimportantof whichis thepresenceof approximately20% fish with four anal
spinesin SpringsC andF.
Comparisonof thepresentdayS.percivali withthesyntypeshowthatthemeristiccharactersand
morphologyof thefishin anyonespringmaychangewithina fairlyshorttime.For thisto occura
highdegreeof isolationis thoughtnecessary.Theeffectivenessof thedistancebetweenspringsacting
asa geneticbarrierwasshownbytheA, Band C complexsprings.Only400metreseparatedA andC
andthelatterwasfoundto have20% of four-spinedindividuals.Thealmostcompleteremovalof adult
fishbypredatorswill haveaneffecton thegenepoolof succeedinggenerationssothatovera period
of timethecharactersof thefishpopulationsareliabletovaryin amoreor lessrandomfashion.
Thehabitof snaileatingobservedin SpringA, is of interest.This habit is recordedfrom various
specialisedCichlidsfromlakesMalawiandTanganyika,butisnotrecordedamongadultSarotherodon.
Thesefisharetypicallyfeederson phytoplanktonor epiphyticor epilithicalgalfilm,oftenmixedwith
detritus.However,theyoungof thesamefishareoftenmorecarnivorous(Trewavasetat 1972,Green
etat 1976).Thosesnail-eatingfishfromSpringA arenotmuchlargerthantheyoungof relatedspecies
foundtobemorecarnivorous.No evidenceofanyspecialisationsforadietincludingsnailswerefound.
Full digestiondoesnotoccurif thesnailis notremovedfromtheshellandit is possiblethatthishabit
is learnedbyonefishfromanother.It appearsfromgutanalysisthatoncethehabitis learned,snails
figureasa prominentitemof foodin thediet.
Theadoptionof adultcharacteristicsbyfishof smallsizeis commonin Sarotherodonspeciesandis
associatedwithbreedingatsizessmallerthannormal.ThesizeatwhichSarotherodonmatureis seento
dependon twofactors,thesizeof theenvironmentandtherelativepositionof dominanceof thefish
concerned.Thisdwarfismor precociousbreedingis importantwhenoneconsiderstheeffectof intense
predationin thelimitedenvironmentsof thesprings.As seenat BuffaloSprings,predatorsmaybe
capableof removingalladultfish.Fry areableto surviveastheyareeithertoosmallor hidein vegeta-
tion.Theabilityof thesefishto matureata smallsizemayexplainwhytheyaretheonlyonesableto
survivein thesmallersprings.
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